an 


' 
a 


ape tee 


“HITACHI 
MICROCOMPUT =k SYSTEM AMICS 68CO 


age 


ih COS tas wes Raat a Seta he cl a as aes he iE cht ea tla Ra he aS oat tad ete ial As oat ee ot ee ere ee 


TABLE OF CONTENTS 


ADSCTAC: x 4 a be i. Beet eee ee, ats to aa | 
© Paanie and b ncson” 4% Le eae ah tae RS : 
a “CANON Ol re GR She ae oe oie ae ace 

2 “Pggenon Orne CA Cab oe ees 3 
B CRT Issa y OSCR). 2% 2 dor eas waka 3 
3.)  Principie of Raster ScanSystem ......... 3 
3.2 Principie of Character Display System ..... 4 
4. Structureorthe CRTC ...............0.2. 6 
4] Structureofthe CRTC ............... 6 
42> Pin Assignment... ook kate ene end e eka 
4.3 Internal Block Diagram ............... 7 
$. Function of Signai Line. ................. 8 
5.1 ‘Interface Signal to MPC ns oy vanes ae aes 8 
§.2 Interface Signal to CRT Display Device ....... g 
6. Structure and Function of Internal Registers ....° 9 
6.1 Structure ot Internal Registers .......... 9 
6.2 Function of Internal Registers. ...... tin 6 
7, Qoeration. of the CRIC ras fh eae Me (2 
7.1 Time Chart of CRT Interface Signals ...... fo 
Tea Anteriace CONUO, 45 ejea viewed ext 413 
Po: GUISOr CONUOL ite et A Oe SOs aS 13 
7 8. Electrical Characterisucsotthe CRTC ........ 18 
| | Sal MARUMUINCR AUIS won. oe Clee ee ees he ae 18 
— 82> Recommended Onverating Conditions ...... 18 
S25: “Electrical Characteristics: cilia ho are Ge Se 1g 
84 Bus Timing Characteristics ........, Frese yg 
Os. GOW tO-Usetne CRC ney het eee eee a9 
9.1 InterfacetoMPU .............. 0000. 27 
92 Dot Timing Generating Circuit .......... 2? 
95 Intertace to Dissiay Controi Unit ........ 3 
9.6 Intertace to-G RT ¢c.¢ 6 ck eS hE SRR 1% 


95 How to Decide Parameter Set on the CRTC . S. 
9.5.1 How to Decide Parameters Based on Speci- 
fication of CRT Disviav Unit (Monitor) . 27 

952 How to Decice Parameters Based on 


Screen MOrmar 2.5 oS ached ais wowed 28 

96 Relation Between Number of Displayed 
Characters and Memory Acdress ......... 29 
9.7 How to Use Start Address ............. 30 
9.8 How to Use Cursor Register ........... 30 
99 How to Use Lignt Pen Rezster .......... 30 
9.10 Access Method of Refresh Memory ....... 39 
10s Proeramror the CRIC <4 ¢<ou8swtetvudeed 34 

10.1 READ’ WRITE Operation of Internal 

ROCESS: 2458S fds She AS ow eho & toe See aie 34 
10.2 Initializing Program of the CRTC .... 20... 35 


C w NOS Preeram’ Or Pagina. 4c ict Au eae ba 56 


POs: PeSeram (Or Ser01IN@. wav Heme Ode aot 
SOS -Proeram of Cursor Control. «+2. Aarne bans 
10.90 Program of Light Pen Control .......... 


11. Applications of the CRITIC 44 vans hve cewei es 
11.1 Monochrome Character Displav... . 
11.2 Color Character Display... ... se ee 
11.5 Coior Limited Graphic Display .......... 
11.4. Monochrome Full Graphic Display........ 
bi.S Color Full Graphic -Disolay .4.0.04.4 Sond os 
11.6 Cluster Controiof CRT Display.......... 


12. Examples of Applied Circuit of the CRTC ....... 
12.1 Monochrome Character Display.......... 
bo. ‘Color Character Displav., n95 ce4ida dh enue 


[APPENDIX] 


ee © @ © © @ © © © © © © © @© &#© © 80 @ @ #® © @© © © @ © © @ 


CRT 


CRTC 


CUDISP 


DB 


DEC 


DISPTMG 


HSYNC 


LPSTB 


MA 


MPU 


RM 
RS 
VSYNC 


PS 


- Comparator 


~ Horizontal Synchronization ; 


Vertical Synchronization 


‘a : aN 
ae 


Address Bus 


Address Register 


Character Generator 


Clock 


Cathode Ray Tube 

Cathode Rav Tube Controller 
Cursor Dispiay 

Data Bus 

Decoder ; 


Display Timing 


\ 


Light Pen Strobe 


f 


Refresh Memory Address 
Micro Processor Unit 
Multiplexer 

Raster Address 

Refresh Memorv 


Register Select 


Parallel-Serial Converter 


y 7 
pa 2 . - . a 


~~ RL LL A A, 


—— . 1. Abstract disdisv according to tne specificaticn crogrammed ov MPU, 
¢ The CRTC ts a iS: conmtrouer wnich is designed to The CRTC :s also designed as a programmadie controiler. so 
| | - provide an iterrace Sor microcomputers to raster scan type appucedie to Wide-range CRT dispiay from smail low- 
| CRT dispiays. The CR.C de:ongs to the HMCS6800 LSI functioning character cispiay up to raster vee full grapnic 
Family and nas full compat:dility with MPU in both data dispiay as weil as ‘arge Aigh-functioning limited graphic 
lines and contro! lines. its primary function Is to generate dispiav, ) 
timing signal which is necessary for raster scan type CRT 


Agcress Sus 


ALA 
¢) 1s 
M 
PU Sata Sus 
| Uy~8, 
| iRQ 
Refresn 
Dot CuK 1 Mernory 
| os Cc ! , CRTC 
Counter | | 
. | RAO 
— \ 
( | ine 
7 : 
Character 
2 Generator 
¥iceo 
Centro: 
ERT 
Viaec 
DISPTMG Signa: po... en 
CUDISP 
HSYNC 
VSYNC ; 
= Ort 
, ie 
LPSTS Light Pen 
. Contre: 


rig. l—1 Example of the CRTC Character ODisciay System 
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2. Feature ano Function a : (4) Programmiaocie mter.ace Non-interiace scan mode. 
oe — | — | (5) Built-in cursor contro. function. 
2.1 Features of the CRTC | | (6) Programmabie cursor neignt and its blink. 
(1) Numoer of dispiaved characters on the screen, ver- (7) Built-in lig: pen Getecuon function. 
ical dot format of one character, horizontal and (8) Paging and scrolling cacabiliny. 
verzicai svne signal, display timing signa: are pro- (9) TTL compatible. 
grammaDie. — (10) Single + 5V power supply. 


(2) Line buffer-iess refreshing. 
(3) 14-bit refresn memory address output. (16K words 
max. access) 


2.2 Function of the CRTC 


Fig.2—4 Function of the CRTC 
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Item | Sub-item Function 


‘Horizontal scan period 
Vertical scan periodiper.tine) 
: eVertical scan penodifine adjustmend 
: ki aereak Number of characters per line 
petites (Number of lines per screen 
format . Number of rasters per line 
| * Horizontal dispiay position on CRT 
" Vertical display position on CRT 
Pulse widti of honzontal syne signal 


Cursor display position on screen 


{ Remark 


Programmable per one character 
penod 

Programmabie perd one line penod 
Progammabie per one raster 
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Vertical dot number of one 
character + line space 
| Programmpbie output timing of syne | 
> signal ) 


| 
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: | Built-in 14-bit cursor register ! 


| Programmabie cursor _ Cursor height ! 
, , _ Cursor blink and its Penod ! Cr , i 

| Funetion of the CRTC aieey ! mie alga peek as 

! : 7 | and 32 fisio penod 

. . : | | Non-interlace mode 

| : Scan mode  Interiace mode One choice 


'- Interlace syne and video mode 


| lught pen Busttan 14-bit ight pen register 

| Refresh _ 14-bit refresh memory address output 
Memory | 

Addressing 


16K words max.refresh memory | 
access 
| 
{ 


: 
! 
' 
| 
| 
| 
| 
| 
| 
' 


| Programmabie Built-in programmabie 14-bit start Paging & scroiling 
7 | Start | address register on refresh memory : 
| | Address 
| Single + 5V power suoply | | 
' TTL compatible input/output | 

| Directly connected bus with the | ‘i 


Structure of the CRTC LSI MCS 6800 Famity 

. N-channel, Silicon-Gate E/D MOS 
Full static operation of internal logic 
30 pin DIL package 
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=. CRT Dispiay System. 


3.1. Principle of Raster Scan System 
Raster scan system is the svstem where an electron 
beam. which is deflected according to a certain mile, hits 


Scan Line 


Horizontal Scan 


against the fluorescen: screen of CRT anc forms 3 frame. 
An ordinary CRT display device forms a ‘rame by 
deflection of an electron beam by saw wave electmc current 
(or voltage) like a common TY set. This system :s snown in 
Fig. 3-1. 


Vertical Scan period 


Vertical Retrace period 


Horizontal Retroce 
Period Period 


Fig. 3—1 Raster Scan System(Non-interlace) 


One frame is composed both of horizontal scan from left 
to right and of vertical scan from top to bottom to move 


vertical position. Solid lines in Fig. 3-1 are~called scan 


period (or display period), and broken lines are called 
retrace period. In this system, increase in frame number per 
sec enables to lessen its flickering. Increase in scan line per 
frame enables a high resolution. In an ordinary display 
device, frame number between 50 and 60 per sec is used. 
Besides the scan system shown in Fig. 3-1, there is another 


scan system called interlace scan system, which is used for 
a TV set, etc. As shown in Fig. 3-2, each latter half scan ts 
located in the middle of its former scans. Two-time vertical 
scans (odd and even number fields) form one frame. The 
CRTC is designed to be able to deal with the scan system 
(interlace mode) shown in Fig. 3-2 as well as the scan 
system shown in Fig. 3-1 (non-interlace mode). 
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Fig. 3—2 Raster Scan System(interiace) 
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.c. Princiote of Character Oispiavy Svstem 

ciple of character distiav is snown in Fis. 3-3 In 
co N@O@D Snaracters cisplavec. on CRI screen, 47. 3s 
aiwa\s necessary lo repeat scans and refresn them. To do 
this, an ordinam: CRT dispiay device adopts a method that 
datz to be dispiaved is stored in memory and screen is 
retresnec according to its contents. Here. the memory 
whicn stores data for dispiay is called Refresn Memory. 
Dais_is written on Refresh Memory by data processing 
svsiem including MPU. The data is written in ASCII code, 
sO it cannot be displaved as characters. It is necessary to 
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convert the character coc inte the character pattern. The 
converter is called Character Generator. Fig. 3-4 shows the 
principle on which the cnaracter code 1s converted into the 


character pattern. Character Generator is a kind of ROM 


which generates the character pattern from the character 
code and the scan line number as address. Normally one dot 
period of characters 1s oniv severa] ten ns. To generate the 
character pattern, it 1s necessary to read the character dot 
per row or per column in daralle! and to convert into serial. 
Now 5 x 7, or 7 x 9 dot matrix format is widely used for 
display of alphanumeric. 
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Fig. a3 Principle of Character Dispiay System 
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Fig. 3—4 Generation of Cnaracter Signat 
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mi 3.5 shows an example of character patterns dis- pattern of each scan line :s zenerated according to the signa 
| q - piaves on the screen. Being shown :n Fig. 3-i, asan electron indicating position of the ine. This video signal moduiates 
| | beam scans both honzontally anc vertically on the screen. an electron beam curren: to contro] onghtness so as to 

the data of refresh memory correspondent to its position of display characters on the screen. 


scanning is read out successiveiy. Then the character 
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Fig. 3—5 Character Display on the Screen & Video Signal 
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4. Structure ot the CRTC 


4.1 Structure of the CRTC 


As shown in Fig. 1-1. the CRTC is a LS] which is con- 
mectec with MPL and CRT display device to control 


CRT display. The CRTC consists of internal register group, 


nonzontal and vertical tuming circuits, khnear address gene- 
rator, cursor control circuit, and light pen detection circuit. 
Honzontal] and vertical timing circuit generate RA,~RA,, 
DISPTMG. HSYNC, and VSYNC. RAg~RAg are raster 
address signals and used as input signals for Character 
Generator. DISPITMG. HSYNC. and VSYNC signals are 
received bv video control circuit. This horizontal and 
vertical timing circuit consists of internal counter and 
comparator circuit. Linear address generator . generates 


.. 4.2 Pin Assignment 


MA.- 


OSPTMG 
CUDISP 


| ING 


refres.. memory adcress MAyg~MA;,3 [0 de usec for 
refreshing the screen. By these adéress signals, refresh 
memory is accessed penodically. As 14 retresh memory 
address signals are prepared. 16K words max are accessibie. 


Moreover, the use of start address register enables paging | 


and scrolling shown in Fiz. 9-1] and 9.12. Light pen detec. 
tion circuit detects light pen position on the screen. When 
light pen strobe signal 1s received, light pen register memo- 
rizes linear address generated bv linear address generator 
in order to memorize where light pen is on the screen. 
Cursor contro] circuit controls the position of cursor. its 
height. and its blink. 
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Fig. 2—] Pin Assignment of tne CRTC 
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Fig, 4—2 Internal Slock Diagram of [tn 
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Function of Signal Line | | 
As shown in Fig. 4-1, the CRTC provides 13 interface 
— signais 1a MPU and 75 interface sgnais to CRT display. 
5.1 Intertace Signals to MPU 


(1) Bi-directional Data Bus (D,~D-) 


(2) 


(3) 


Chip Select(CS) 
Chip Select signal (CS) is used to address the CRTC. 
When CS is at “Low” level. it enables R/W operation.to 
CRTC internal registers. Normally this signal is derived — 


Bi-directional data bus(D,~D-) are used for data 
transter between the CRTC and MPU. 
output are 3-state buffers and remain in the high- 
impedance state except when 


The data bus 


MPU performs a CRTC 
read operation. 


Read/Write (R/W) 

R/W signal controls the dire 
between the CRTC anc MPU. When R/W is at “High” 
level, data of CRTC is transrered to MPU. When R/W is 


tion of data transfer 


t “Low” level, data of MPU 1s transtered to CRTC. 


em oe 


: from decoded address signal of MPU under’. the 


(5) 


condition that VMA Signal of MPU is at “High” p level. 


Register Select(RS) 
Register Select signal (RS) is used to select the address 


register and 18 control registers of the CRTC. When RS 


is at “Low” level, the aceres> bai is selected and 
when RS 
selected. This signa! is Serna a derivative of the 
lowest bis (Ao) of MPU address bus. 


is at “High” level, control registers are 


Enable(E) 
Enable signal (E) is used as strobe signal in MPU R/W 
operation with the CRTC internal registers. This signal 


is normally a derivative of the HMCS6800 System $2 


(6) 


clock. 
Reset (RES) 


Reset signal (RES) is an input sienal used to reset the 


CRTC. When RES is at “Low” level, it forces the 


CRTC into the following status. 


1. All the counters in the CRTC are cleared and 
the device stops the dispiav operation. 
All the outputs go down to “Low” level. 
3. Control registers in the CRTC are not affected 
and remain unchanged. | 
This signal is different from cther HMCS6800 family 
LSIs in the following functions and has restrictions for 
usage. | 
1. RES signal has capacity of reset function 
only when LPSTB is a: “Low” jevel. 
2. After RES has gone “Low” level. 
output signals of nee eae 3 and Rag Rs 


{2 


. own 10 


5.2 
(1) 


(2) 


(5) 


(6) 


(7) 


(8) 


svncrronize witn CLK jow leve! and 
ic “Low” (At — } ewcie CLK signal 
1S necessary ‘or reset.) 
The CRTC starts the display operation im- 
ediately after RES signal goes high. 
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interface Sicnais to CRT Display Device 

Character Clock(CLK) | 

CLK 1s a standard clock input signal which defines 
character timing for the CRTC displav operation. This 
signal is normally denved from the external high-speed 
dot timing logic. 

Horizontal Syne (HSYNC) 


-HSYNC is an active high level signal which provides 


honzontal synchronization for display device. 

Vertical Sync(VSYNC) 

VSYNC is an active high level signal which provides 
vertical synchronization for display device. The pulse 
width is fixed at 16 horizontal scans (16H). 

Display Timing(DISPTMG) 

DISPTMG is an active high level signal which defines 
the display period in horizontal and vertical raster 


scanning. It is necessary to ‘enable video signal only 


when DISPTMG is at high level. 

Refresh Memory Address{MAy ~MA, 5) 

MA,~MA,3 are refresh memory address signals which 
are used to access to refresh memory in order to 
refresh the CRT screen periodically. These outputs 
enables 16K words max. refresh memory access. So, 
for instance, these are applicable up: to 2000 charac. 
ters/screen anc §-page system. 

Raster Address(RA,g ~RAsg ) 

RA) ~RAs are 
select the raster of the character generator or graphic 
pattern generator etc. 

Cursor Display (CUDISP) 


_CUDISP is an active high level video signal which is 


used to display the cursor on the CRT screen. This 
Output is inhipnited while DISPTMG is at low level. 
Normally this output is mixed with video signal and 
provided to the CRT display device. 

Light Pen Strobe(LPSTB) 

LPSTB is an active high jevel input signal which accepts 
strobe pulse detected oy the light pen and control 
Circult. When this signal is activatec, the . 
memory address (MAg ~MA,3) which are shown in 
Fig.8-2 are stored in the 14-bit light pen register. The 
stored retresh memory acdress need to be corrected in 
‘Taking the delas yt 
anc Ught pen control circuits into account. 
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light pen. 


raster address signals which are used to 
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6. Structure & Function of Internal Resisters 


6.1 Structure of Internal Registers 


Address Reaqister 
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3. 2 1 #0 rd 
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Internal Registers of the CRTC 
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1 R i , a 
0 one 4 : Position ‘ 0 . 
0 1 oO 0 0 1 1 R; Honzontal Sync Width ° , x e) woe | ! 
Q. a wer 0-4 O. 0 Re Vertical Totai #7 2° sine x O\k Ro to | 
Oo. 1:00 1 01 Rs Vertcal Total Adjust raster “Oo i Ce 7) 
-0°1 ° 0 0 1 1 O' Re Vertical Displayed ine x O oe 
| Verncal Sync #7 Ng A aye la 
ee ee bu Position e 0 a 
263 te EO Ee GO: 0 6 Re interlace Mode tC ee x om ANA! ATV Sieg 
Maximum Raster #7 ~ ¢ me 
. 1 ) a | 
0 1 0 1 0 90 | Ro Marase raster x O vee Coe 84 
C.F bE A OO Rig Cursor Start Raster ~ OL Voaeee 2 a 5 4s 
0 1,0 1: 0 1 = 1 Ri Cursor End Raster * x e) | ! | | #6 
Oe AG: i HE 26. 0-5 Riz Start Address(H) _ x O od : 
? | i t 
6 4.560% 4s. 9 Ris Start AccressiL) a x Ore eG 4 
@ 26 t 4 oP ob” Ry Cursor(H) : i O omy ht aa : 
C5 46. fe ah a Ris Cursor(L) a Oty eG | 
i ‘ | ; 
o° 1/1000 0 | Ris Lignt Pen(H) — O x AY ~ | 
GC HS 0876-0) 1 Ri» Lignt PeniL) — O x : | 
NOTE: 1 When Rg is 1 or 3 (Interiace Mode), pro- When Rg is 3, the cursor start and the cursor 
3 grammed data must be odd. end raster registers must be doth even or both 
2 When R, is 3, N/2 (N: total number of lines) odd. 
When S is 1, V specifies video mode. S specifies Programmed Value = Specified Value -] 
interlace svnc mode. In the following explanation, for instance, total 
4 When Rg is 3, programmed data must be odd. number of horizontal characters means “Spe. — 
5 B specifies the cursor blink. P specifies the cified Value 


6.2. Function of Internal Registers 


(1) Address Register(AR) | 
This is 2 5-bit register usec to select 18 internal 
control registers (Ro~R,-). Its contents are the 
address of one of 18 internal control registers. 
Programming the data from 18 to 31 produces no 
results. Access to Ro~R;- requires, first of all, to 
write the address of corresponding control register into 
this register. When RS and CS are at low level, this 
register is selected. 
(2) Horizontal Total Register(Ry) 
This is a register used to program total number of 
horizontal characters per line including the retrace 
period. The data is 8-bit and its value. should be 
programmed according to the specification of the CRT. 
When M is total number of characters, (M-1) shall be 
programmed to this register. When programming for 
interlace -mode, ©M must be even. How to decide total 
number of characters is shown in 9.5]. : 
(3) Horizontal Displayed Register(R;) pf 
This is a register used to program the niimiber of 


horizontal displayed-characters per line. Data is 8-bit © 


-and any number that is smaller than that of horizontal 
total characters can be programmed. 

(4) Horizontal Syne Position Register(R; } 
This is.a register used to program horizontal sync 
position in unit of horizontal character time. Data is 
8-bit and any number that is under the following 
condition (Horizontal Sync Position + Horizontal Pulse 
Width < Horizontal Total Characters) can be pro- 
grammed. When H is character number of horizontal 
Sync Position, (H-1) shall be programmed to this 
register. When programmed vaiue of this register is 
increased, the display position on the CRT screen is 
shifted to the left. When programmed value is de- 
creased, the position is shifted to the right. Therefore, 
the optimum horizontal position can be determined by 
this value. 

(5) Horizontal Syne Width Resister(R;] 


This is a register used to program honzontal sync pulse > 


width from 1 to 15 in unit of horizontal character 
time. Note that when 0 is PICgmneS, HSYNC is not 
provided. 
(6) Vertical Total Register(R, ). 


‘This is a register used to program total number of lines 


per frame including vertical retrace period. The data is 
within 7-bit and its walue should be programmed 
according to the specification of the CRTC. When N is 
total number of lines, (N-!) shal be programmed to 
this register. How to decide ta number of lines is 
shown in 9.5.1. | 
(7) Vertical Total Adjust eee | 


This is a register used to prograrn the optimum number _ 


from 0 to 31 to adjust total number of rasters. per 
frame. This register ¢ 


en nadies to decide the number of 


vertical Cefiection trecuency more stnctly. 
(8) Vertical Displayed Register(R, ) 


This is a register used to program the number of 


displayed cnaracter rows on the CRT screer.. Data 1s 
7-oit_ and any number that is smaller than that of 
vertical totai characters can be programmed. 

(9) Vertical Syne Position Register(R>) 
This is a register used to program the vertical syne 
position on the screen in unit of horizontai character 
time. Data is 7-bit and any number that is equal to or 
less than vertical total characters can be programmed. 
When V is character number of vertical sync position, 
(V-1) shall be programmed to this register. When 
programmed value of this register is increased, the 
‘display position is shifted up. When programmed value 
is decreased, the position is shifted down. Therefore, 

- the optimum vertical position may be determined by 
this value. 

(10) Interiace Mode Register(R, ) 
This is a Z-bit register used to control the raster scan 
mode. (See Table.6-2) 

- Table.6—2 interlace Mode 


_ 


> ne” ae ‘ Mode 

O- O | Non-intensce Mode 
ae. QO | Non-interiace Mode 

0 \ re inenace Sync Mode 


Intentace Syne & Video Mode 


In non-interlace mode, the rasters of even number field 
and odd number fielc are scanned duplicatedly. In 
interlace sync mode, the rasters of odd number field 
are scanned in the middle of even number field. Then it 
is controlled to display the same character pattern in 
two fields. In interlace sync and video mode, the raster 
scan method is the same as that in interlace syne mode, 
but it is controlled to display eae character 
pattern in two fields. 

(11)Maximum Raster Address Register (Ry) 
This is a register used to program maximum raster 
address within 5-bit. This register defines total number 
of rasters per character including spacing. When totai 
number of rasters is RN, (RN-1) shall be programmed 
to this register. Moreover, when programmed vaiue of 
Rg is “3”, RN must be even. 

(12) Cursor Start Raster Register(R, o) 
This is a register used to program the cursor start raster 


address by lower § bits (2° ~2*) and the cursor display” 


mode by higher 2 bits (2 >), 


Sy 


Tapie.6—3 Cursor Display Mode 


' 96 2: Cursor Display Mode 

‘om Non- dlink 

j Cursor Non-Disoray 

1 re) Blink, 16 Field Penod 
cia SDL oe ee 
a, 1 Blink, 32 Fiei dPenod 
eee ene 
Blink Penod 
iWgnt dark 
16 or 32 Fieid Penod 

(13) Cursor End Raster Register (R11) 


This is a register used to program the cursor-end raster 


address. When programmed value of Rgis ‘3” 


“. (interlace sync & video mode), both the cursor start 


raster register and the cursor end raster register must be 
even or odd. 


(14) Start Adcress Reagister(R,+,R: 3! 


These are used to program initial address of refresh 
memory to reac out. Changing the contents of these 
registers <Cynamucaliv enables vaging and scrolling 


easily. 


(15) Cursor Register(R,4,R, 5) 


These are used to program the cursor display address 
and R/W operation from MPU is possibie. When R, 4 is 
read, the higher 2 bits (2° 2”) are always “0”. 


(16) Light Pen Register(R,.,R, +) 


These are used to catch the detection address of light 
pen and oniy a read operation from MPU is possible. 
When Ri. is read, the higher > bits (2°, 2”) are always 
*O”. Its vlaue needs to be corrected in software because 
there is ume deiay from address output of the CRTC 
to signai input to LPSTB pin of the CRTC in the 
process that raster is lit after address output and light 
pen detects it. Moreover, delay time shown in Fig. 8-2 
needs to be taken into account. 


7. Operation of tne CRTC 7 which values of Tabie. ~-. are programmec tc the CRTC . CJ 


er | internai registers. Fig. 7-1 snows the CRT screen tormat 2“ 
7.1 Time Chart of CRT Interface Signals Fig. 7-4 shows the time charm of signais output from the 
The following example shows the dispiay operation in CRTC. | 
, -Tabie.7—1 Programmed Values into the Registers 
Reg Register Name Value Reg Reg ster Name Valve 
R- Horizotal Total Nut Rs Max Raster Acaress N. 
Horizontal Disolayed Nn Ric | Cursor Star Raster 
R: Horizontal Syne Position Nisp Ri; Cursor End Raster 
R; Honzontal Syne Width Nog Ri: Start Adoressth! 
R. Vertical Total . Nut Ri3 Start AdaressiL! 
R« Vertical Totai Adjust _ Nagi R:a Cursor( H) 
Re Vertical Displayed Nu Ris _ Cursor(L) 
oR, Vertical Sync Positron Nsp Rig | Light Pen(H) 
Re | interlace Mode ‘ 7 Ri. | Light Pen(L} 


NOTE:NAG<Nne Nug< Nun 


Number of Horizontal Total Characters(Nht~!) 
[ Numoer of Horizontal Displayed Characters( Nnd) . \ 


| i 
| t -_ 
32 | oy 
a5 | Horizontal 
<= ae . retrace» 
= om | Period 
2 aS! | 
> | 
o = 
— SE| gp | 
s 8s | @ 
= Ss >) 8 
p= \ 7) 
= | 3 
2 | & display Period 
5 | Se ga | 
> - FD | 
oe > 
we foe => > 1 
e | sf 
tees ' Co x. 
So ey 
ce | BE! 
i ae 
aig 
| | Vertical retrace Period 
4 
\ oma 
- i 
LU : 
~ Vortice Total Adjust(Nadj) 
Fig. 7—1 CRT Screen Format 
_ 
Ne 4 


A 


dress i(MAg~MA,3) anc Raster Address (RA,~RA.) anc 
the cisolav position on the screen is snmown in Fig. 7-10. 
Fiz. 7-10 show's the case where the vaiue of Start Address is 


0. 


Raster Aacress 


v 


QT 


Non-ateriace Mode 


The relation between vaiues af Refresh Memory Ad- 


Interiace Sync Mode 


7.2 \Intertace Contro: 

Fig. ~-2 shows an 2xampile where the same cnaracter ts 
dispiavec in non-interiace mode. interlace syne mode, and 
video mcce. 


Interlace Sync & 
Video Mode 


Fig. 7—2 Interiace Control 


In interlace swnc mode, the raster address of even field 
and odd field are the same 2nd display the same character 
pattern. In interlace sync & video mode, the character 


pattern of even number raster address is displayed in even 


field. The character pattem of odd number raster address is 
displaved in odd field. Therefore, compared with the 
characters in non-interlace mode and interlace svnc mode, 
the size is one-half of them vertically. Fig. 7-7 shows the 


output wave form of vertical sync in interlacing. 


— 


7.3 Cursor Control 

Fig. 7-3 shows the display pattems where each value is 
programmed to the cursor start raster register: and the 
cursor end raster register. Programmed values ic the cursor 
Start raster register and the cursor end raster remster need 
to be under the following condition. 

Cursor Start Raster Reaster Cursor End Raster Regis- 

ter S Maximum Raster Address Regster 

Time chart of CUDISP output signai is shown in Fig. 7-8 

and Fig. 7-9. 
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Fig. 7—3 Curser Contre! 
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in the case where values shown in Table.7—1 are! 
Programmed to each register. 
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- Horizontal Time Chart 


Raster Period 
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~ Time Chart of Raster - 


Line Period 


Line Pernod 
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Vertical Vane Chart 
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Fig. 7—6 Fine Adjustment Period of Frame in Vertical Display 
(Expansion of Fig. 7-4 B) 
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8. Electricai Characteristics of the CRTC 
6-1 Maximum Ratings _ 
Tapie. S—1 Maximum Ratings 


! item — Symbo! Vaiue «Unit 

Supply voltae: Vee SOs 7 0 v | 
Input Voltage DV FF te 70 1 oY 

| Operating ; Ta ! 


-20~+75 | °C 
' Temperature Range 


| 
| Temperature Range | 


i : 
ae | Wage oss sisO | “C 
- NOTE. Permanent LSI damage may occur if maximum 
ratings are exceeded. Normal operation should 
be under recommended operating conditions. If 
these conditions are exceeded, it could -affect 
reliability of LSI. > er 
x With respect to Vss(SYSTEM GND) 
- 8-2 Recommended Operating Conditions 
Table. 8—2 Recommended Operating Conditions 


| max +-Unit 


Item — | Symbol min typ 


| Supply Voltage. 


+ Input Voltage - 7 


wee § wee Fe. Fe 


+ Operating 
| Temperature Range | 


| 8-3 Electrical Characteristics 
Table. 8—3 DC Characteristics 
Vec=5V=5%. Vss=OV. Ta=—20~+75°C 


' Symbol. min typ | max | Unit 


Input High Voltage 


Input Low Voltage 
| Input Leak Current 


Three-State. Input Current| 


Vin =0.4~2.4V Vece $.25V 


Output High Voltage | 

| ILoan = — 205A Do~D> [  @ | | | 
iaeecioo = {ed Se 
| Loan = — 10 us | : | | 

| All Other Outputs | | 

| Output Low Voltage 
| lLoao= 1.6mMA 


| | Input Capacitance : | : | 
: Do~ D- a | “ACs aa : ies ‘ oe ae . 
: All Other | Inputs ; | | : 10.0 7 | 


Output Capacitance» 


Power Dissipation Po 


; : Clock Puise Width. High PWon (150: — — ns 


| Display Timing Delay 


— 600:1000 mWi. 


Taple S—< AC Characteristics 
beeen nena nee erm nmeeneenneeemmemmnemmneaemmanmnenna eee 
} : ; bat rt: 
es Symbie min-tvp max Unit: 


i Ciock Freguency f. oo 3.0 MHz’ 
ON at 
' Clock Puise Width. Low PWe 150 ee ORS 


parents Bare me ten 


: 1 

| Rise and Fall Time ler | —:- 128 | 
ns | 

! For Clock Input ter !'—.— 13. | 
| Memory Address Delay IMAD fsck te oe . i 
Time - | : 160. ns | 

Raster Adcress Delay t Ga | Se H60 ae | 


Time 


Time | , 
Horizontal Syne i | Sees : ~ : = 250 ai | 
Vertical Sync Delay Time | tvsp [o> eo 250 : ns 
Cursor Display - : — | _ : = 250, = 
Light Pen Strobe Pulse PW So) eee te : a 


Light Pen Strobe 
‘Uncertain Time of 
Acceptance (Fig. 8-2) 


- treo: 


| -lppe | = 


&4 Bus Timing Characteristics 
Tadle. 8&5 Read Sepuence 


; Test 
Item ‘Symbol condi- min typ’ max. Unit} 
! | on] 


Enable Cycle Time | lcYCE | 


Enable Bue Width | : . 4 
Enable Pulse Width | PWer | 0.40: 
(“Lowlevel time) | od ae ee 
Set Up Time | ES ax, aden au 
ADDRESS-ENABLE | “S| | 140: . 
Data Delay Time : toorR | | — — 320: ns | 
Data Hold Time ot < | 10 — — os | 


Rise & Fall Time i 
for Enable Input 


| Address Hold Time | oe ee ea : (Ou as. seo Ms 


tester ee OS ons 


| Data Access Time =| tace = | i $60: ns | 


we 


PN ee , 


he ye 


“DISPTMG 


CudlsPp 


HSYNC 
VSYNC 


LPST3 


This Figure snows the retation in time setween 
CLK signai and each output signals. Cutout secuenca » 
iS SMown in Fig. 7—a— Fig. 7—Y. . 


Fig. 8-1 = Time Chart of the CRTC 
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LPSTB 


o When LPSTB rises in this perioc, Refresh 
Memory Address'M+2' Is set into the 
light pen register. : 
- + e a _ te por — LPSTB' s uncertain time 
. _ 7 ea of acceptance. . 
. Fig. 8-2 LPSTB Input Timing & Refresh Memory —— . 
Address that is set into the light pen — : a a 
ah ae . ; ‘7 
_. register. | Z 
Table. 86 Write Sequence , © 
, “Test | C3 : 
Item — | Svmbol | condi-! min ltyp: max ; Unit 
nee, tion | a ! 
{Enable Cycle Time : LcCYCE — | 1.0 | | ae us 
Enabie Pulse Width | PWen - | 
| ("High" level time) | | | ! | 
Enable Pulse Width | PWe. _ , | 
(“Low level time) | . | 
! 
Data Set Up Time —, 
‘|Data Hold Time | ty —- 10/— —j ns 
Rise & Fall Time a re 
for Enable Input | a 
Address Hold Time tan 
if 
iC | 


(0 WEIR A me 


Fig.8-—-3 Read Sequence 
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: RW 
RS Adaress 
, Register ) 
RS 
(Controi Register ) mo tap es 
— ty ea 
i i F 
2.0V 
ony =~ Or 
( 0.8V 
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9. How to Use the CRTC 


as “Low RS is 7 


ane one AO 
| 18 Selected. a 2) fee. Ne 
9 1 Interface to MPU RES 1s the system rese: signal Wher RES becomes _ 
As snown in Fig 9-1. the CRTC is connected with “Low”. the CRTC interne: contro! iogic is reset. But 
the stancard bus of MPU to control the data transter internal registers shown in Tabie 6-I(Ro~Ris} are not 
between them. The CRTC address is determined by CS affecteb by RES signai and remain unchanged. 


and RS. and the R 
and Enable signals. 


oF 


Low”. 


tne CRTC address register is selected. When CS 


‘W operation is controlled by R/W The CRTC 1s designed 


When CS is “Low” and RS is also 


RS 


to microcomputers, but adding some 


sO as tO provide an interface 


external circuits 


enabies an interface to other data sources. 


RES es 
Na! 
RESET : 
Fig. 9-1 Interface to MPU 
9:2 Dot Timing Generating Circuit s "9". Fig. 9-3 shows the operation time chart of dot 
CRTC’s CLK input (21 pin) is provided with CLK counter shown in Fig 9-2. As this example shows 
signal which defines horizontal character time period from explicitly,CLK signal is at “Low” level in the former half 
the outside. This CLK signal is generated by dot of horizontal character time and at “High” level in the 
counter shown in Fig. 9-2. Fig. 9-2 shows a example latter half. It is necessary to be careful so as not to 
of circum where horizontal dot number of the character mistake this polarity. 
3— Counter 
HO74163 
| 
| 
| a 
LOAD P/S REG=N 
2 _ a: , to PF 7S. SHIFT 
| : REGISTER 
i aaa DOTCP—P | 
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eae 


am tm ot 


—=~ m—~ iS Be my mm HE lUCUlUPTltCOO 


=~ ~ 
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fit 28 6 Se 6S etek Se ee ee 
pose re oe eee eee 


Q3 
LOAD P’S REG—N 


CHCP=—P (CLK) | = 


One Horizontal 


| 0 
a 
{ 


i 


Character Time 


Fig. 9-3 Time Chart of Dot Counter 


9:3 Interface to Dispiay Control Unit 

Fig. 9-4 shows the interrace between the CRTC and 
display control unit. Dispiay control unit is mainiy 
composed of Refresh Memory, Character Generator, and 
Video Control circuit For refresn memory, 14 Memory 
Address line (O~ 16383) max are provided and for charac- 
ter generator, 5 Raster Address line (O~31) max are 
provided. For video contro! circuit, DISPTMG, CUDISP. 


signal is used to control the blank period of video signal. 
CUDISP signal is used as video signal to display the 
cursor on the CRT screen. Moreover, HSYNC and 
VSYNC signals are used as drive signais respectively 
for CRT horizontai and vertical deflection circuits. 
Outputs from video control circu, (video signals and 
syne signais) are provided to CRT dispiay unit to control 
the deflection and brightness of CRT, thus cAaracters 


HSYNC, and VSYNC signals are sent out. DISPTMG are displayed on the screen. 
14 MAX Refresh 
MA Memory 
CRTC 
RA 5 MAX Character 
Se ae 
Generator 
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— CUDISP Video 
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CUDIS? s:gnais. Bs celaying for one or two-character. 


, : ume, DISPTMG signai s¥nchronizes with output timing 
| or paraliei-serial converter to contro: bianking of cnaracter 
video signai. By delaving for one or two-character time, 

CUDISP signal is mixed with character video signal. 


WATCH: register 1s necess27. for output from cerresh 
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— 
ew AN 
meme 


qa 


pve COP NOt. are eter mises. aS SAOW RAL FI 


ihe reiauoms among ome hor:.zontai character ume deiay — 


time of \femory Address. access time of retresn memory, 


and access time of character zenerator 


For reference. time chart irom refresh memory adcress 
MA to video signal in the case of two-character time 


Ses pe 


Whether ceiay time of DISPTMG and CUDISP signals 
should be one or two-character time. moreover. whether 


deiay is shown in Fig. 9-6. 
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Fig. 9-5 Display Control unit 
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Fig.9- 6 Time Chart of Display Control unit 
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9° intertace to CRT | 

To disteay video signais such 2s characters on the 
CRT. swnc. signals which. drive the deflection circuit of 
CRT disoiay unit and video signais which moduiate 
brightness of an electron beam are needed. The wavs 
in which tnese signals are interfacec are different according 
to the CRT display devices. — | 

Fig. 9-7 shows faur typical types of interfaces to CRT 
dispiay unit. Fig. 9-7(A) shows the way in which HSYNC, 
VSYNC. and VIDEO signals are interfaced separately to 


(A) 


(B) 


(C) 


SYNC 
VSYNC. 


VIDEC 


CRY dispiay oni. Fig. 9-71B shows the wav in whien 


tne mixed signal of HSYNC and VSYNC. Signais ov 
EXCLUSIVE-OR GATE ane VIDEO Signal are interfaced 
to CRT dispiay unit. Fig. 9-7/C) shows the wav in which 
composite video signal of HSYNC, VSYNC, and VIDEO 
signais by Mixer ts solely interfaced to CRT display unit. 
Fig. 9-7(D) snows the way in which composite video signai 


Is Modulated :nto high-fre quency signal by RF moduiator 
and connected with antenna terminal of TV. This way is 
used in video game machines. 


Composite Video 


RE Modulator 
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\ 
\To antenna. Terminai 


Fig. S-7 Interface to CRT Display unit 
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9:5 How to Decide Parameters Set on the CRTC 

Tadie. 9-! snows parameters which are necessary for 
CRT aispiay. Some of them are decided by the specification 
or CRT display unit (Monitor) and others are decided by 
the dispiay format on the screen. Moreover, CRTC internal 
registers which are related to setting these parameters are 
snown in this Table. 


Table. 9—1 Parameters For CRT Display 


‘Specification! Screen CRTC 
lof Monitor ‘Format i Registers 


{ 


| Item 


‘External 


Dot Number of 7 | ema 
> “™ | Circuits 


| Characters (Horizontal) 
| Dot Number of © 

| Characters ( Vertical) 

i Number of Horizontal 
| Total Characters 


Number of Horizontal | x oe R, 
Displayed Characters | poe 
Horizontal Syne Position! § ~O rR} 
Horizontal Sync Pulse | A | | R, 
Width ~ | 7 

Number of Vertical 


Tota! Characters 
Number of Vertical 


~|Displaved Characters a ! C | Re 
Vertical Syne Position s | Ry 
Scan Mode Cx oa Rg 
4Cursor Dispiay Method CS} Roo, Ru 
- | Start Address e 
Cursor Address Ct Rua Ros 


Sere: Under the restriction of specification of CRT display 


umt. (Monitor) 


$:5:°1 How to Decide Parameters Based on Speci- 
fication of CRT Display Unit (Monitor) 
(1) Number of Horizontal Total Characters 
Horizontal deflection !trequency fn» is given by 
specification of CRT display unit. Number of horizontal 


Totai characters .s cetermuned dv the following equation. 
(Rer 9-8-2(3)) 
| 
be | Nat —| ) 


in = 


where, 
t. '! Cycle Time of CLK (Character Clock; 
Nat: Programmed Value of Horizontal Torai 
Register ( Ro) 
(2) Number or Verticai Total Characters 
Vertical deflection frequency is given by specification 
of CRT display unit. Number of vertical Total characters 
is determined dy the foilowing equation. (Ref. 9-5:2(4)) 
fr fh 
R (Na = 1 )(Ne = 1) + Nag 


iv= 


where, 
R, : Number of Total Rasters per frame 
(Including retrace period) 
Ny : Programmed Value of Vertical Total 
Register (Ra) 
N, : Programmed Value of Maximum Raster 
| Address Register (Ro) 
Nag : Programmed Value of Vertical Toxai Adjust 
Register (Rs) 
(3) Horizontal Sync Pulse Width 
Horizontal syne puise width is programmed to hori- 
zontal swne width register(R3) in unit of horizontal cha- 
racter time. Rs; is a +-bit register, so programmed value 
can be selected within from | to 15. 
(4) Horizontal Syne Position 
As shown in Fig. 9-3, horizontal syne position !s nor- 
mally selected to be in the middle of horizontai blank 
period. But there are some cases where its optimum 
Syme position is not located in the middle of horizontai 
blank period according to specification of CRT. Ther- 
efore, horizontal sync position should be determined by 
specification of CRT. Horizontal syne pulse position 
Is programmed in unit of horizontal character time. 
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Fig. 9-8 Time Chart of HSYNC 


(5) Vertical Syne Position 
As shown im Fig. 9-9.vert:cai syne posiuion !s normally 
seiected to be in the middie of veriicai biank period. 
Bui there are some cases where its. optimum = sync 


"oo = 


position 1s not located in tne middle of vertical biank 


period according <o imec:fication of CRT. Therefore. 


vertical sync position snouid be determined dv specifi- 
cationof CRT. Vertica: swne pulse position is crogrammec 


- 


to vertical syne posiuon register(R-) im unit cf line perioc. - 


= 


dace netee mem ser 


Vert<ca 
Viceo Period 


Veriai Vertca! 
Biank Video Pero 


SS RaNGaea ee 


VSYNC 


= Fig. 9-9 Tame chart of VSYNC 


: 9-5-2 How to Decide Parameters Based on 


Screen Format , 
(1) Dot Number of Characters (Horizontal) x 
Dot number of characters (horizontal) is determined by 


character font and character space. More strictly, -es- 


shown in Fig. 9-2, dot number of characters (horizontal) 
N is determined by external N-counter. : 


(2) Dot Number of Characters (Vertical) _~ 


Dot number of characters(vertical) is determined By 
character font and line space. Dot number of characters 
(vertical) is programmed to maximum raster address 


Me register(Rs) of the CRTC. When N, is programmed | 
. walue of Rg, dot number of characters(vertical) is(N,;+ TJ. 


1 Horgonta! Deflection Period=2- 


7 . Honzontal Disciay penod 


| or 


(3) Number of Horizontal Displayed Characters 
Number of horizontal displayed characters is pro 
grammed to horizontal dispiayed register (Ri) of the 
CRTC. Programmed value is based on screen format. 
Horizontal display period. which is given by specifi- 
cation of horizontal deflection frequency and horizontai 
~retface period of CRT display unit, determines horizontal 
character time, being divided by number of horizontai 
displayed characters. Moreover, as Fig. 9-10 shows the 


access method of refresh memory, its cycle time anc 


access time which are necessary for CRT display system 
are determined by horizontal character time. 


th ... 


maa oa oni 


| Horgzontai retrace Period | 
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Seen eee Korizontai Character Time= 


(4) Number of Vertical Dispiayec Characters 


Number of vertical displayed characters is programmed | 
to vertical displayed register(Rs). Programmed value is 
based on screen format. As specification of vertical 
defiection frequency of CRT determines number of total 
rasters(R,) including vertical retrace period. CRT which 
is suitable for desired screen format snouid be selected. 
The relation between numoer of verticai displayed chara- 

eters and number of total rasters per frame snown in 
DS 2(S) Is ‘shown in the foliowing ‘equation. 
? Ri=(Naw1)(Ne— l)—Nag, (Non interlace Mode) 


“Number of Vertical Total Characters =. Number. of. 


OO Lara red 


Numoper of Horizontal Eye Characters 


Horzontal Orsplav Pariod 
Numoer of Horzoniai Uisomyead Cnaracters 


Vertical Displayed Characters (Nva) — Number of | 


Characters during vertical retrace period | 
Ri=(Nuw iN, = 1) + Nao +0.5 (Interlace Mode) 
For optimum screen format, it 1s necessary to adjust 
number of rasters per line, number of vertical displaved 
characters, and total adjust raster (Nagy) within Speci< 
fication of vertical. deflection frequency. | 


(5) Scan Mode. 


The CRTC can program three scan modes shown in 
Tabie. 9-2 to interlace. mode register (Ra). 
of character Gisplay. m each. 
GE | 


example 
scan mode is shown in- 


rogram of Scar Moce 
- 92 Sean Voce Main Usage 


0 , Normal Display or 
Non-Interiac 
1 QO Characters & Figures 


Fine Disolay of Characters 


| o | Interlace Syne 


& Figures 


| Dispiay of Many Characters 
: | Interlace Svnc . io 
ce ff & Figures Without Using 


Via 
wee High-Resolution CRT 


“NOTE In imteriace mode. the number of times per 

sec. in raster scanning on one spot on the 
screen is haif as many as that in non-interlace 
mode. Therefore. when persistence of lumine- 
scence is short. flickering may happen. It is 
necessary to select optimum scan mode for 
the svstem. taking characteristics of CRT, 
raster scan speed. and number of displaved 
characters and figures into account. ~ 


(6) Cursor Display Method : 


Cursor start raster register and cursor end raster 
register(Rio, Ri) enabie programming thedispiay modes 
shown inTable6-3 and display patterns shown in Fig. 
7-2, Therefore, it is possible to change the method of 
cursor display dynamically according to the system 
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Raster 0 
Raster i1 
Raster 0 
Raster i] 

Ppl 

¢ ae Oo: 

POG re lesen 

V. Aog 0 pais on 

4} 75047821 7&2! 


Numa 2 2° sorizonta: Tota: Characters: od 
Numoer o' —orizontal Dispiayec Characters: <0 
Numcer 3‘ vertica: Totai Characters: 18 
Numoer 2° vertical Oisoiayec Characters: 16 


Bo ae “REIBUON- Setween NUTCe: 


Sonditions a5 44). aS tO realize the cursc™ <cispiay nat 
meets {he system requirements 
(7. Stare Address 
Start address vegistersiR.:, R=: give an orfset to the 
address of refresh memory to read out. This enadies 
paging and scrolling easily. 
(8) Cursor Register 
Cursor registers(Ris. Ris) enadie programming che 
cursor display position on the screen. As for cursor 
address. it 1s not X. Y address but linear acdress that 
Is Orogrammed. 


9:6 Ralation Between Number of Displayed 
Characters and Memory Address 

Retresh memory address of the CRTC(MAc~MA)3) ts 
linear address which starts from the value or start address. 
It does not need the address conversion circuit in wide 
use that determines the address of refresh memory to read 
out by line address and row address and can be used 
without change. | : 

Moreover. as stam address registers(R::, Ris) enable to 
change the initial address of refresn memory dcvnamically, 
paging and scrolling are easily possible. 

Fig. 9-10 shows memory address in the case where start 
address is “O” and number of disolayed characters 1s 
640 (40 characters. iine x 16 lines). 
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. g-T- sae: to Use Start Adcress | 


‘Star aderess comtrois the imitiai address of refresh 


memon to read out and gives an offset to refresh memroy — 


aGgaress within I4-b1. = 
Fig. 9-]] snows an example of paging to which start 
address 1s applied. In Fig. 9-11. there are refresh memories 


-for 8 pages. Setting initial address of each page to start 


Page 0 


Vos ele) 

ae 1 
Retresn 1/7/74 ve 
Memory 


Fig. 9-11 Paging 


$-& How to Use Cursor Register 

Cursor register 1s a register used to specify cursor display 
posiuon on the screen and its contents are controlled by 
MPU. Cursor address is linear address and ts itself refresh 
memory address of the character displayed in the cursor 
position. 


In changing start address to =A x for paging and 


scrolling, it 1s necessary to change cursor address to —A x. 


9°93 How to Use Light Pen Register 
The CRTC adopts a |4-bit light pen register. When 


light pen detection pulse is added to LPSTB (3 pins), the © 


values of memory address(MAo~MAj;) are stored. As 
Light pen detection pulse is asynchronous with memory 
address timing. so its internal synchronization circuit makes 


the detection operation certain. The detection address 


involves the delay time of the system(from puise output of 


light pen after a character is dispiaved on the screen and 
light pen detects it to LPSTB input of the CRTC), so its” 


value needs to be corrected in software. Light pen detection. 
address is itself refresh memory adcress. When cursor is 


moved to light pen detection position. the vaiue corrected. 


20 UITACHT 


meena tans © Seika oh nmantn saat 


address registersi R::. R-3s enapies to dispiay an opucnai 
page In 4 moment - 


- 


address 1s applied. In Fig 9-12. changing start address 


periodicaliy enabdies to move the data to be displayed jor 
plural pages successively on the CRT screen. 


Fig. 9-12 Scrolling - 


in software is written into cursor register. When the 
character indicated by light pen is read out. the corrected 
value is used as refresh memory address to read out. As 
for frame address that light pen indicates. start address 
needs to be excluded from the corrected value because the 
corrected value is also modified with start adress. 


Fig. 9-13 shows a typical example of light pen contro. . 
circuit. As shown in Fig. 9-13, some external circuits 


enable to use light pen. There are some ways of interfacing 
between light pen and MPU. These are: 

(a) Interrupt Method — 

(>) Program Scan Method “ etc. 


Fig 9-12 shows an examopie of scrolling to when start 
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One Shot 


Fig. 9-14 shows an interrupt method of interfacing. 
When light pen detects light, LPSTB signal andan interrupt 
signal IRQ are respectively provided to the CRTC and 
MPU. Fig. 9-15 shows the program of this interrupt 
method. 


Fig. 9-16 shows a program scan method of interfacing. 
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Fig. 9-13 Light Pen Control Circuit 


When LPS7TB signal is provided to the CRTC, light pen 
sets up a detection FLAG. MPU reads out this FLAG 
periodically and when FLAG is 71", the contents of light 
pen register are read out, Table. 9-17 shows the program 
of this program scan method. 


| LIGHT PEN 


Fig. 9-14 Interfacing of Light Pen 
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Fig. 9-15 Read Operation of Light Pen Register 
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Fig. 9-16 Interfacing of Light Pen 
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LPFLAG 
BIT A sl. | 
LDA A =1l6 
STA A AO 
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LDA B 217 
STA B AO 
LDA B AO=1 


CLR LPFLAG. 


Fig. 9-17 Read Operation cf ugnt Pen Register 


LOAD LPFLAG INTO ACCA 
BIT. TEST | 
TRY AGAIN IF LPPLAG=0 
LOAD LPH ADDRESS INTO 


ACCA 


STORE ACCA INTO ADDRESS 
REGISTER. 

LOAD LPH DATA. INTO ACCA. 
LOAD LPL ADDRESS INTO. 


 ACCB 


STORE ACCB INTO ADDRESS 


REGISTER : 
LOAD LPL DATA INTO ACCB~ 


CLEAR LPFLAG 


S 10 Access Method tc Refresh Memory 
For CRT dispiay ‘nn ine CRTC. retresnh memory is 


accessed os CRTCs memory address (MMAc~MA:3) to 


refresh the screen perioaicaiiy and also accessed by MPU 
in changing the contents :o be displayed As for access 
method by MPL. there are asynchronous access method 
that has no relation to the display condition and swnchro- 
Nous access method that avoids the display period. Fig 9-18 
shows an exampie of aswnchronous access methods. In 
this case. MPU address specifies refresh memory address 
and the output of address multiplexer is switched over to 
address bus side. Therefore. a part of the screen may 
flash in a moment. Fig. 5-!9 shows a program of asyn- 
chronous access method. 

Fig. 9-20 shows an example of synchronous access 
methods. In this case. MPL reads out DISPTMG ourput 
of CRTC and only when DISPTMG is “Low”(horizontal 


and vertical retrace periods), refresh memory is accessed 


by MPU. In synchronous access method. there 1s no 
competition between MPL access and display access. the 
screen doesn't flash. Fig. 9-21 shows a program in this 
case. —_ 

Fig. 9-22 shows another example of synchronous access 
methods. In this case. a character time is devided into 
MPU access time and display accesstime In MPU access. 
trme MPU is synchronized by stretching MPU clock ¢: 


by READY signa! ull its access is finished. Fig. 9-23 


shows a program of this case. 


Moreover, as there are many other access methods 


including these typical examples. the most reasonable 
method should be selected according to each svstem. 


Fig. 9 18 Asynchronous Access to RM 
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STA A RM 


LDA A RM 


STORE ACCA INTO RM LOCATION 


LOAD RM LOCATION INTO ACCA 


Fig. 9-19 Program of Asynchronous Access to RM 


MPU 
| co0ti‘“Csi‘CS 
Fig. 9-20 
LDA A DT 
BIT A =] 
BGT x — 5 
STA B RM 
LDA A DT 
BIT A | 
BEQ *—)5 


OISPTMG 
MPX 
| 
{ 
CRTC 


Synchronous Access to RM (1) 


LOAD DISPTMG INTO ACCA 

BIT TEST 

TRY AGAIN IF DT=! 

STORE ACCB INTO RM LOCATION 


LOAD DISPTMG INTO ACCA 

BIT TEST 

SKIP IF ACCA=9 

LOAD RM LOCATION INTO ACCB 


Fig. 9-21 Program of Synchroncus Access to RM(1) 
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Fig.9—22 Synchronous Access to RM (2) 
STA A RM _~ STORE ACCA INTO RM LOCATION 
: ~LDA A. RM LOAD RM LOCATION INTO ACCA © hag | aN 
Fig. 9-23 Program of Synenronous Access to RM(2) 
10. Program of the CRTC 
10-1 READ/WRITE Operation of Internal Registers 
As shown in Table. 6-1. the CRTC has 18 internal 
registers and | address register that specifies address of © WRITE REGISTER NUMBER 
Mhese: registers. | ck INTO ADDRESS 8£5.STEF 
Therefore. READ WRITE operation of internal registers 
should be done through 2 steps in a pair. 
STEP |. Register address is written into address register 
: by STORE command. | READ or WRITE 
TEP 2. The contents of the specifie ister rea ae 
STE ntents he spe } d registe eh eas Sectiuecaner (Ree: 
by LOAD command. or are written into the , 
specified register bs STORE command. | 
READ WRITE procedure of internal registers 1s shown : 
in Fig. 10-: and an exampie of its program is shown in 
. Fig. 10-2. te 
When acdress register is accessed. 1 is necessary to = ae 2 Se 
_ assign adcress so that RS mas pve “Low cipin 24) When- Fig. JO—1 READ 'WRITE ecztecure ef interna: 7 
am imterng. register is accessec. 1 18 necessary [co assign Register | = on 
; es 


4 LOAD REGISTER NUMBER (NTO ACCA 
STA A Ad STORE ACCA INTO ADDRESS REGISTER 
LOAD CURSOR LOWER BYTE INTO ACCA 


LDA A is LOAD REGISTER NUMBER INTO ACCA 
STA A Ag STORE ACCA INTO ADDRESS REGISTER 
LDA A DATA LOAD WRITE DATA INTO ACCA 

STA. A Aon STORE ACCA INTO CURSOR LOWER BYTE 


REGISTER 


Fig.10-2 READ/WRITE Program of Internal Register 


10.2 Initializing Program of the CRTC 
For desirable display control function of the CRTC, 
it is necessary to initialize 16 internal registers except 


ee 


WRITE RN INTO 
ADDRESS REGTSTER 
OF CRTC 


WRITE DATA IN 
(1XR) ADORESS 
INTO CRTC 


(ight pen register after the system power sucdiv ts ese. 


radlisned bv power on. 

Fig.10-3 shows 2 Jowcharr of imitializing orcgram and 
Fig.10—+ shows tne vrogram based on this “Sow chart 
In this example, the aumber of program steps is decreased 
by looping the program. storing the iniualizing data in 
order of register acaress in a table. 

Table.10-!] shows an example of initualiz:ng values 
for character display In this case, there no sazing 
and scrolling. So start address should be aiways “O”. 
Cursor’s initializing position shall be usually in home 
position, though it can be anywhere within vaiic memory 
address of system( 0~639 in Table.1! 0-1 ). 

When cursor adcress 1s out of valid memory address. 
It iS necessary to be careful because cursor disDiay posi- 
tion is not guaranteed. Table. 10-3 and Table.i0—+ show 
an example of initializing values for fuil graphic display. 


DA: INITIAL ADORESS OF DATA 
1XR: INCEX REGISTER 
RN: REGISTER NUMBER 


Fig 10-3 Initializing Fiow Chart of The CRTC 


LDX 2zDA LOAD DATA ADDRESS INTO INDEX 


REGISTER 
CLR A CLEAR ACCA 
ILRI STA A Ag STORE REGISTER NUMBER INTO ADDRESS 
= -. REGISTER 
LDA B o.X 


LOAD iNITAL DATA INTO ACC3 


STA B Ass; STORE ACCB INTO CRTC REGISTER 


CMP A 215 
8EQ  ILR: 3R4NCH IF COMPLETE 
INC A '\CREMENT ACCA 
INX NCREMENT INDEX REGISTER 
BRA ss ILRi_ «Ss SR ANCH TO ILRI 
ILR: —— | | 


Fig i0—4 = initializing Prcgram of the CRTC. 
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Item 3 — Specineaton 
Scan “lode Non-Interlace 
Hor:zoniai Deflection Frequency P62" KHz 
Veruca’ Deflection Frequency © 60.1 Hz 
Dot Frequency 8 MHz 
Character Dot(Horizontal x | 8x 12 | 
Vertical) S | 
Number of Displaved Characters . 
. 40 x 16 i 
(Row x Line) 
HSYNC Width 4 Ls 


- ” Raster 9~10, | 
-t Blink: 16Field Period 


Paging. Scrolling : —— 


‘Cursor Display 


Tabie.10-2 Initializing Values for Character Display 


Iniualizing Value | 


| | Ro ' Horizontal Total | | | 
R, ~ Horizontal Displayed | — 40. 7: | 


R2 Horizontal Syne Position 


Horizontal Syne Width 


{ 
| 
t 
j 
i 


Ry Vertical Total 20 | 
Rs Vertical Total Adjust : 8 | 
Rg Vertical Displayed | 16 
R: Vertical Syne Position | 19 | 
Re interlace Mode | 0 | 


Re Maximum Raster Address 11 | 


Ric | Cursor Start Raster : 73 | 
R;; Cursor End Raster | 10 | 
Pe ee ee 
Riz. Start Address (H) | 0 
Start Address (L) | 0 
Rue Cursor (H) ! 0 | 
Ris Cursor (L) | 0 | 
Taple.10-3 Specification of Full Graphic Display 
(Example) 
| tem | 3 Specification | 
Scan Mode - Non-lnterlace. | 
tg a 
Horizontal Deflection Frequency a 15.625 KHz | 
Vertical Deflection 1_Frequency 60.1 Hz | 
Dot Frequency 8 MHz | 
nnn eneeneneteteentnestnanetemaned 
; tc Dot (Horizontal x gy eg | 
| x 8 
Vertical) : | 
Numer of Displayed Characters 37 x 24 
7 — (Row x Line). a ae 
Number of Display Dot Horizont- 166 x 499 
| al x Vertical) ee 
HSYNC Width. 4 . dogs 


“Cursor Displaw "23 fas 


Tape 12! Specitication of Cnaracter Dispiay: Zxamole.- 
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Vm EMTIANZING «ences for Fu 
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v 
mo 
ary 


 Grapmic Dispiay 


Iniualiang Vaiue 


Rezisie No. | Name Deana: 
Re Honzontai Tota. © 63 
Ry Horizonta! Dispiaved | a 
R2 Horizontal Svne Position 47 
Rs Horizontal Sync Width 4 
R, Vertical Total 31 
Rs Vertical Total Adjust | 4 
Re Vertical Displaved | 24 
R: Vertical Sync Position : 28 
Rg Interlace Mode | 0 
Rg Maximum Raster Address Z 
Rio Cursor Start Raster — 
' Ri. Cursor End Raster | — 
Riz Start Address (H) | 0 
_ Riz +: Start Address (L) 0 
Ria : Cursor (H) , — 
Ris Cursor (L) | : = 


10.3 Program of Paging - 
As shown in Fig.9-11, paging is to select a desired 


page from refresh memories for plural pages. Fig. 10-5 
shows a fiow chart of paging. In this example. input for | 


Seiecting a page is derivec from page KEY. This is a 
very easy program where initial address of retresh memory 
corresponding to the selected page is set to start address 
register. 

Then, as shown in 9.8, cursor adaeess should be modifi- 
ed by the same number which start address 1s changed by. 
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READ OF KEY DATA 


DECISION OF PAGE"'N’ 


INITIAL AODRESS* OF 
PAGE'N’ 1S WRITTEN 
INTO START REGISTER 


= Address of Refresn Memory 


: READ OF CURSOR 
REGISTER 


-ADO INITIAL ADORESS 


OF PAGE''N’ 


WRITE OPERATION 
TO CURSOR REGISTER 


Fig. 10-5 Program of Paging 


1O.4. Program of Scroilinrg Fig.10-6 shows a flow chart of page scroiling. In this 

There are two kinds of scrolling. One is page scrolling example. scroil key controis up and down of serciling. 

shown in Fig.9-12. qn this case, the data of refresh In scrolling uo, when starz address 1s the same as initial 

memories for piural pages are moved up and down. The | address of the jast page. scroiling up is ignored. When 

q _ Other is teletype scroiling. In this. case. refresh memories start address is the same as address of initiai rage, 
are ‘or oniy one page. so new data is dispiayed at the scroiling down is ignored. ve oF | 


5 


somom line, scroiling up one i:ne dy scroll up command. 


dee ae ae cane eg er 


PUSH SCROLL KEV 


READ OF KEY DATA 


(SA=HD) IS WRITTEN 
‘TO START REGISTER 


(CA—HD) 1S WRITTEN 
TO START REGISTER 


CA: CURSOR ADORESS 
SA. START ADORESS 
HO: NUMBER OF HORIZONTAL 
DISPLAYED CHARACTERS 
EPSA: INITIAL ADORESS : 
OF THE LAST PAGE 


‘SA+HD) 1S WRITTEN 
TO START REGISTER 


‘CAmRO) 1S WRITTEN 
TO CURSOR REGISTER 


Fig. 10-6 Page Scrolling 


Another scrolling is teletype scrolling where a program 
comtrois start address etc. Fig.10-7 shows a flow chart 
of teletype scrolling. After scroll command has changed 


the line under the bottom line to space. to display new 


data, only one line is scrolied up. Fig.J0-8 shows an 


example of addressing of teietype scrolling.(Scroll up). 
In this exampie. the number of displayed. characters 1s 
1920 and refresh memory is 2048 bvtes. Rerresh memory. 
has an excess by 128 bytes. and address above 2048 1s 
ignored in the hardware and the software to do teletype 


rad 


sseroiling snown in Fig..0-8. Its nigher 3 address” bits 
being. ignored. refresh memonm is wrapped around and 


~ 


7 . . o 5 ~ , + f ae ts? al * 
ime address taxt tc TOG" necomes "0" As refresh memory 


4am Uniteci-go.cné shOWN in ins examole. - 


size is more than the number of displayed characters by 
128 bytes. a ooundary of data in it moves successively. 
Therefore. READ/WRITE address of data is determined 


relatively by start address under the control of a program 
and other basic address Whether it is page scrolling or 
teletype scroiiig, start address is changed in unk of the | 

number 2° nor:zonta!l dispiaved characters. Then the 
comtents cf cursor register snould be also changed by. 


the same number. | 


Moresver, increment. or decrement. of start .adcress. 


easHs enanies scrolling in unm ofa chnaracter-as well as | 


SCROLL COMMAND 
Ny SA: START ADDRESS 
CA: CURSOR ADDRESS 
| HO: NUMBER OF -ORIZCNTAL 
DISPLAYED CHARACTERS 


LENO: INITIAL ADORESS OF 
THE END LINE 


LEND + HO~LENDO 


CHANGE. HO—CHARACTERS 
FROM LEND TO SPACE [| 


WRITE (SA+HD) INTO 
START REGISTER 


WRITE (CA+HD) INTO 
START REGISTER 


Fig, 10-7 Teletype Scrolling (Procecure of Scroll Command) 
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Biren After the screen is lit. new gata :s put in 


memory 's usec for 80 cnaracters x 24 lings.) . 


ig 1O-& Examoie c/ Acaressing in Teletype Scrolling (2048— word. 
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10.8 Program of Curser Control 
Cursor is used as 2 pointer to indicate the data :nput 
position on tne screen. if can be located anywhere on 


the screen and 1s usuaily controiled by cursor 


These xevs are the followings: 


shift cursor one place to the right 
_ shift cursor one place to the left 


shift cursor one place up 
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Fig.10-9 shows an exampie of cursors rignt shift and 
down shift. In this exampie. when cursor is located at 
the end of a line, pushing —+ key shifts it to the begin- 
ning of next line. When cursor 1s located at the end of 
bottom line, pushing —! key shifts it to home position. 
Moreover, when cursor is located at bottom line, pushing 
[2] key shifts it to top line of the same row. 
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Fig. 10-9 Cursor Control 


Fig.10-10 shows a flow chart of cursor’s right shif 
and Fig.10-11 shows a flow chart of cursor’s down shift. 


HO: NUMBER OF HORIZONTAL 

DISPLAYED CHARACTERS 
READ OF CURSOR VD: NUMSER OF VERTICAL 
REGISTER DISPLAYED CHARACTERS 
SA: START ACORESS 


CURSOR = 
(HO-VO—1) +SA 
: L, 
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CURSOR REGISTER | 


Fig, 10-10 Cursors Right Shift 
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2 
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SA: START AOORESS 


WRITE THE RESULT 


INTO 


CURSOR REGISTER 


Fig. 10-11 


10.6 Program of Light Fen Control 
Combination of light pen with CRT display enabies 
various functions such as the followings. 
(1) Shift cursor to light pen position 
(2) Input of address of light pen position to CPU 
(3) Input of data of light pen position to CPU 
(4) Move the data of light pen position to other 
display position etc. 


Cursors Down Shift 


Fig.l0-l2 shows a iow chart of cursor shift. using 
light pen. In this examopie, light pen and CPU are inter- 
faced by an interrupt method and a program of light 
pen starts with this interrupt. 

Light pen detection address is linear address and writ- 
ing the corrected resuit of system celay into cursor register 
without change enabies cursor shift to light pen position. 


READ OF 
INTERRUPT REGISTER 


READ OF LIGHT PEN 
REGISTER 


“CORRECTION OF 
SYSTEM. DELAY 


WRITE THE RESULT 
INTO 
CURSOR REGISTER 


So | ee 


RETURN 


Fig. 10-12 Program of Lignt Pen 


11. Apciications of the CRTC 


1} | Monochrome Character Display 
Fig. |l-l shows a system of monochrome character 


gispiav. Character clock signal(CLK) ts orovided to the 
CRTC through OSC and dot counter. It is used as basic 
clock which drives internai control circuits. MPU 1s 
connected with the CRTC by standard bus and controls 
the CRTC initialization and READ/WRITE of internal 
registers. 

‘ Refresh memory is composed of RAM _ which has 
capacity of one frame at least and the data to be display- 
ef is coded and stored. The data to refresh memory is 
changed through MPU bus, while refresh memory is read 
out successively by the CRTC to display a static pattern 
on the screen. Refresh memory is accessed by both MPU 
and the CRTC,.so it needs to change its address selec- 
tively by multiplexer. The CRTC has 14 MA(Memory 


are used according to capacity of refresh memory. 
Code output of refresh memory ts provided to charact- 
er generator. Character generator reads out a dot pattern 


ee ee ee ee ee 


MPU 


“ 


DOT CLK 
Ose OUNTER 


Address output), but in fact some of them that are needed 


Of a specified raster of a specifed character in paraile! 
DY code output of -efresm memory and RAi Raster Adaress 
Output) of the CRTC and provids it out to oarailel-serial 
converter(P—»S). Parallei-serial converter 1s normally 
composed of shift register to convert output of character 
generator into a serial dot pattern. Moreover, DISPTMG., 
CUDISP. HSYNC. and VSYNC signals are provided to 
video control circuit. It controls blanking for output of 

parallel-serial converter. mixes these signals with cursor 
video signal, and generates sync signals for an interface 
to monitor. 


11.2 Color Character Dispiay 

Fig.}1-2 shows a system of color character display. 
In this exampie, a 3-oit color control bit R.G.B) is added 
to refresh memory in parallel with character code and 
provided to video control circuit. Video control circuit 


controls coloring as weil as blanking and provids three 
primary color video signals(R.G.B signals) to CRT display 
device to display characters in seven kinds of coior on 
the screen. 
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Fig. 11—2 Color Character Display 


11.3 Color limited Grapnic Display accessed depends on coded output of refresh memory. 


Limited graphic display is to display simple figures 
as well as character display by combination of writable 
“symbols which are defined in unit of one character. 3 
As shown in Fig.1]-3, graphic pattern generator 1s 
set up in parallel with character generator and output 
of these generators are wire-ORed. Which generator 1s 


In this example, graphic pattern generator adopts ROM, 
so only the combination of. writable symbols. which are 
programmed to it is possible. Adopting RAM insteac of 
ROM enables dynamically writable symbols in any combt- 
nation on one display by changing the contents of them. 
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Fig. 11-3 Color Limited Graphic Display 
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Sig [1-8 snows an example of access lo velresn memory [his case. tne va:ues snown in Tabie.! 0+ are initially 
my combination of MA output and RA output. Fig. i-5 programmed to CR7C :nternai registers. Correspondence 
snows 2a refresh memory address method for full zrapnic Derween dot on tne CRT screen and retresn memory 
display which has specincauion shown in Table.!0-3. In adaress is shown ir Fig i 1-6. 
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Fig. L1—6 Memory Address and Dot Dissiay cesition 
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11.5 Coior Fui! Graonic Dispiay 


Fig.1i-" snows a system of color full graphic display — “serial converters. Tnen video control circu adds the 
by 7-color dispiay. Refresh memory 1s composed of three bianking control to output of these converters anc orovids 
dot memories. which are respectiveiy. usec for red, green, it to CRT dispiay device as red. green, and biue video 
and blue. These dot memories are reac out in parallel signais with syne signals. 3 | 
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11.6 Cluster Control of CRT Display unit has refresh memory. characte: generatcr. paraliel- 
| The CRTC enadies c.uster control that is to. control serial converter, anc wideo comtrel circu separately, Dut 
CRT display of piurai cevices by one CRTC. Fig.J1-8.. these are comtroilec togetner oy the CRTC. | 
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Fig. 11--8 Cluster Control by the CRTC 


A{QICSeGIS AEICSIO UMO Jie. 


( 


| Characters 


i 


12 Zxamoies ot Appives Gireuie: 67 one CRC 
12 _Monoecnrome Character Display 
Pig 2-| shows an exampie of appiicatior of the CRTC 


com monochrome Character dispiay. Its specification 1s 
snown in Tabie.1 2-1 Moreover. specification of CRT 
dtspiay unit is shown in Table.10-1 and initializing values 
for the CRTC are shown in Table.10-2. 


Table. 12-1 Specification of Example 1 of 
Applied Circuit 


Item Specification 
Character Format § x 7 Dot 
' Cnaracter Space ' Horizontal:3 Dot Wertical:5 Dot 
‘ One Character Time . 1 gs “ 


' Number of Displayed | | 40 characters x 16 lines =640 characters 
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12.2 Color Character Display 
Fig.12-2 shows an example of application of the CRTC 


to color character display. Its specification is shown in 


—Table.12-2. Moreover, CRT for color display shall be 


used and its specification is shown in Table.l0-1. Initi- 
alizing values for the CRTC are shown in Table.10-2. 
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73 interna o Registers: of the CRTC 
Regis hexagecim Date Bi Range o 
eS Name -3 : 
“ler | Programme 
| Programmes. a a ey 
NO VaiuesofAR — : “or 8 Values 
| AR Adaress Register —_ O~ 17 
Rs Horizontal Total 00 O~255 
—R, Horizontal Dispiaved 01 Ve 2a >. 
R2 Horizontal Syne Position 02 O~255 x 
R; Horizontal Syne Width 03 LOS x OATS 
Ry Vertical Total 04 Zo | Om1o7 
- Rs VERTICAL Total Adjust tee ee O~ 31 
Rs Vertical Displayed -- o 0425 
' R: Vertical Syne Position 07 xX O~127 x 
: SP ITF - 
| Ra Interlace Mode | 08 LEK VS 0~3 | 
' Rg = Maximum Raster Address ~. 09 roe O~ 3] ) 
' Ryo Cursor Start Raster . OA ae B P : 31 Bit x 
3 Ware: | 
Ri; Cursor End Raster | OB SSX O 31 x. 
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lly prcegracmed in ui: of two Lines, as lly prograsmed in unis of cae line, as 
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Net ineluded te | SKEW fumesicn is newly included ia OLSPTMC, 
CUDISP? signais. 
| , 
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u CET | ow Gop RTE : 
Pa anes CUDISP ZSISPTMC _ | 
Not used | | . ee ; | 
°. . e i 
= Example cf SISPTMG output | 
a | eal ee Not skewed ; 
a | fo One character sxev , 
ion. two character skew 
‘ | — '\ cheracter time ae 
: ! — 2 character tine ae 
es ‘ ney a ” : t : achat Ht Fea ath a beg nets : | : ; : 
j Ssare Address hesisces _ Tewpessible to READ Possible co READ a! 
, | | 
| | ie 
§ | RES#T Signal (RES) | Ans 4 +4 Oucpue ; | MA waite 2 Outsus 
sel . oe Rees 0 . | ~~ »-Synehrenous rese: re is 
| RAQ ‘ VERS: : RAgmRAg Output porunernenscneys resec 
i Other Outputs ~- == --~ Asynchronous reset pee ER EER Ce oye | 
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